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Introduction {#sec005}
============

Data from several large surveys provide evidence of significant health disparities for sexual minority females. Obesity and asthma are reported more frequently among lesbian/gay and bisexual (LGB) women than among heterosexual women;\[[@pone.0196327.ref001]\] and bisexual women were more likely to be at increased risk for diabetes and hypertension compared to heterosexual women.\[[@pone.0196327.ref002]\] LGB women also report poorer physical health and greater disability,\[[@pone.0196327.ref003]\] including early diagnosis of heart disease.\[[@pone.0196327.ref004]\] This is in contrast to sexual minority men, who are less likely to be obese and tend not to differ from heterosexual males in terms of cardiometabolic disease.\[[@pone.0196327.ref005]\] Against this backdrop of emerging data indicating health disparities among sexual minorities, the National Institutes of Health requested the Institute of Medicine (IOM) to assess the current state of knowledge of the health of lesbian, gay, bisexual, and transgender people. The committee's conclusion, published in 2011, was that the state of knowledge as to how sexual identity and gender identity influence health was sparse; one area of research cited in the report as particularly underdeveloped was the health status of sexual minority youth.\[[@pone.0196327.ref006]\]

In the present longitudinal study, we begin to address this gap by examining whether reported differences in health indices between LGB and heterosexual females emerge earlier in development by focusing on differences in childhood BMI. Childhood BMI is prospectively associated with obesity and atherosclerosis.\[[@pone.0196327.ref007]--[@pone.0196327.ref009]\] Determining the age at which differences in BMI emerge is important for testing causal models and for developing preventive interventions. Self-reported data on height and weight from the US National Longitudinal Study of Adolescent Health, showed that non-Latina white and Latina white bisexual females had higher BMIs than non-Latina white and Latina white heterosexuals, respectively in adolescence and adulthood.\[[@pone.0196327.ref010]\] BMI based on self-report was higher among sexual minority adolescent girls compared to heterosexual girls in the Growing Up Today Study (GUTS), which comprises offspring of the Nurses' Health Study II.\[[@pone.0196327.ref011]\] Among high school students in Massachusetts, bisexual and lesbian/gay girls were more likely to be overweight or obese based on self-reported height and weight, then heterosexual girls.\[[@pone.0196327.ref012]\]

A second goal of the present study is to incorporate hypotheses related to the social determinants of health; the impact of social factors on health\[[@pone.0196327.ref013]\] including the experience of discrimination, social isolation, and victimization.\[[@pone.0196327.ref014]--[@pone.0196327.ref016]\] Much of the research in this area has been conducted in adults, but there is evidence that social factors also impact the health of children and adolescents. As early as adolescence, for example, discrimination and unfair treatment as a result of minority status (e.g., race, poverty) are associated with cardiometabolic and neuroendocrine health risks.\[[@pone.0196327.ref017],[@pone.0196327.ref018]\] Peer victimization in 5^th^ grade was prospectively associated with physical health in 10^th^ grade.\[[@pone.0196327.ref019]\] Compared to males, the health of females may be particularly impacted by social stressors: in one study recall of childhood stressors was associated with increases in BMI over time for females, but not for males.\[[@pone.0196327.ref020]\] Data from the Youth Risk Behavior Survey, demonstrated greater odds of peer victimization for overweight sexual minority females compared to overweight heterosexual females.\[[@pone.0196327.ref021]\]. Thus, we test whether adolescents who identify as a sexual minority experienced higher levels of social stressors as children than adolescents who identify as heterosexual, whether the association between sexual minority status and BMI varied by social stress exposure.

These hypotheses are tested using data from a longitudinal study that began in childhood. We use a follow-back approach in that we identify participants as LGB or heterosexual in late adolescence, and then use prospectively collected data on child report of social stressors and interviewer collected measures of height and weight to test associations with sexual identity. Although the follow-back approach allows data on social stressors to be assessed independent of the assessment of sexual identity, the underlying assumption is that females who identify as a sexual minority in late adolescence are likely to experience same-sex attraction in childhood, which may lead to feelings of isolation and/or victimization.

Methods {#sec006}
=======

The Pittsburgh Girls Study (PGS) includes a representative sample of girls from the City of Pittsburgh, Pennsylvannia.\[[@pone.0196327.ref022]\] A stratified, random household sampling, with over-sampling of households in low-income neighborhoods, was used to identify girls who were between the ages of 5 and 8 years. Neighborhoods in which at least 25% of the families were living at or below the poverty level were fully enumerated, and a random selection of 50% of the households in all other neighborhoods was enumerated during 1998 and 1999. Weights were calculated to account for the oversampling of low-income neighborhoods based on U.S. census data. In the present study, all analyses are conducted using sampling weights.

The enumeration identified 3,118 separate households in which an eligible girl resided. From these households, families who were moving out of state and families in which the girl would be age ineligible by the start of the study were excluded. Of the 2,992 eligible families, 2,875 (96%) were successfully re-contacted to determine their willingness to participate in the study. Of those families, 85% agreed to participate, resulting in a sample size of 2,450. In-home interviews were conducted annually beginning in 2000 when the girls were between the ages of 5--8 years. The University of Pittsburgh Institutional Review Board approved all study procedures. Written informed consent was obtained from the primary caregiver, and from the girls when they reached the age of 18 years. Trained interviewers conducted separate, private interviews with the caregivers and adolescents. Participation rates have been at or above 85% in all assessment years. In the present study, data on sexual identity were derived from the 13^th^ annual assessment wave, when girls were 17--20 years of age. We then compare sexual identity groups (lesbian/bisexual or heterosexual) on changes BMI from ages 10--14 years, peer victimization from 10--14 years, and Loneliness from ages 8--10 years.

Of the 2,450 PGS participants, 2,079 (85%) were interviewed at wave 13 during late adolescence, when they were 17--20 years of age. A single question was administered to assess sexual identity: *Do you consider yourself to be*: *Heterosexual or straight*, *Gay or lesbian*, *or Bisexual*. Five participants reported that they didn't know how to identify their sexual identity and 4 refused to answer the question. These 9 participants (0.4%) were excluded from the analyses. Of the remaining 2,070 participants, 233 (11.2%) identified as lesbian or bisexual and 1,837 (88.8%) as heterosexual. These rates are slightly higher but comparable to those reported in the National Survey of Family Growth.\[[@pone.0196327.ref023]\]

Among the LGB participants in PGS, 52% identified as Black American, which was not significantly different from the heterosexual participants (46%) (*Chi-square* \[1\] = 3.351, *p* = .067). As has been reported previously,\[[@pone.0196327.ref022]\] participants not interviewed (those who refused to participate or were not reachable) were more likely to be White American (*Chi-square* \[1\] = 29.90, *p* \< .001).

Interviewers recorded the participants' heights and weights during home visits, using a calibrated scale and stadiometer, which were used to calculate absolute BMI (weight (kg)/\[height (m)\]^2^) from ages 10--14 years.

Victimization by peers was measured by self-report at ages 10--14 years using *The Peer Victimization Scale* (PVS).\[[@pone.0196327.ref024]\] This nine-item scale includes victimization by physical aggression and exclusion rated on a scale ranging from never (0) to a few times per week (4). Internal consistency was high with *alpha* coefficients calculated at each age ranging from .74 to .89. The modal score on the PVS in each year was 0 and the median was 2, with the exception of age 14 for which the median was 1. Thus, most participants reported scores of 2 or lower in each year.

The *Loneliness and Social Dissatisfaction Scale* (LSDQ) was administered to the girls at ages 8 through 10 years: the upper age for which the scale was validated.\[[@pone.0196327.ref025]\] Total scores were calculated for 16 items measuring social relations in four domains: feelings of loneliness (e.g., *Are you lonely at school*?), perceptions of peer relations (e.g., *Do you have lots of friends at school*?), appraisals of whether important relationship provisions are being met (e.g., *Are there kids you can go to when you need help*?), and feelings of social competence (e.g., *Are you good at working with other kids at school*?). Response choices for individual items ranged from 0 to 2; positive items were reversed coded such that a higher score indicated higher levels loneliness and social dissatisfaction; *alpha* coefficients for the total scores at each age and ranged from .88 to .91. The modal score on the LSDQ in each year was 0 and the median scores were 3, 2, and 1 at ages 8, 9, and 10 years, respectively.

*Attrition*. There were no differences in BMI or changes in BMI per year between those interviewed and those not interviewed in wave 13. Individuals not interviewed in wave 13 reported *lower* levels of peer victimization at age 10 than those interviewed (*mean* = 3.74 versus 4.73, *p* = .011) and *lower* levels of loneliness at age 8 (*mean* = 4.33 versus 5.06, *p* = .046) but no difference in changes in peer victimization and loneliness over time. We examined sexual orientation in the two previous waves (i.e., waves 11 and 12) as a function of those not interviewed in wave 13 and found no difference in the sexual orientation of those girls who were interviewed and those who were not interviewed in wave 13.

Statistical analyses {#sec007}
--------------------

To characterize change in BMI, and youth report of loneliness and peer victimization, individual slopes were extracted for each participant for each of the three repeatedly measured study variables: BMI, loneliness, and peer victimization (e.g., for BMI, a slope was calculated for each individual and this summary measure of change was used as the dependent variable in a linear regression model). This approach was appropriate given the dependence of the repeated measures, and the different number and ages of assessments for the three variables.\[[@pone.0196327.ref026]\] For BMI and peer victimization, this reflected the change from ages 10--14 years; for loneliness the individual slopes were based on changes in scores from ages 8 to 10 years. Differences in the individual slope coefficients, in addition to the observed baselines values, were tested as a function of sexual identity. Given known race differences in BMI \[[@pone.0196327.ref027]\] we included race as a covariate in all analyses.

For tests of moderation, hypothesized correlates were entered in four steps in a single model: 1) BMI at age 10 and race; 2) sexual identity; 3) loneliness and peer victimization; and 4) the interaction of loneliness and peer victimization with sexual identity. All analyses were conducted using IBM SPSS Statistics, Version 22 with weighted data.

We tested mediation effects of loneliness and peer victimization on changes in BMI over time in stepwise regression models: step 1) BMI at age 10 and race; step 2) sexual identity; step 3) loneliness or peer victimization. Mediation effects were calculated using a regression-based bootstrapping approach with k = 5,000 re-samples and 95% bias corrected confidence intervals using the PROCESS macro in SPSS.\[[@pone.0196327.ref028]\] This approach is a powerful method for estimating indirect effects, even in large samples, in part because it does not rely on assumptions of normality.\[[@pone.0196327.ref029]\] A significant mediation effect was considered to have occurred if the 95% confidence interval for the indirect effect did not contain zero. Effect sizes were calculated from percent mediation.

Results {#sec008}
=======

Descriptive statistics and comparisons for BMI, and self-reports of loneliness and peer victimization between heterosexual and LGB participants are presented in [Table 1](#pone.0196327.t001){ref-type="table"}. Lesbian/gay and bisexual females did not differ from each other in BMI at age 10 (mean = 21.6 versus 22.0), or in loneliness (mean = 6.5 versus 6.2) or peer victimization (mean = 6.2 versus 7.0) at age 8 or in change in BMI, loneliness, or peer victimization over time, thus the two groups were combined into a single group comprising LGB females.

10.1371/journal.pone.0196327.t001

###### Descriptive statistics and comparisons of BMI, loneliness and peer victimization for heterosexual and LGB participants.

![](pone.0196327.t001){#pone.0196327.t001g}

                                                    Total Sample   Heterosexual   LGB    Heterosexual vs LGB                          
  ------------------------------------------------- -------------- -------------- ------ --------------------- ------ ----- --------- -----
  Body mass index (BMI) at age 10                   20.2           4.9            20.0   4.7                   21.9   5.7   \< .001   .22
  BMI changes per year ages 10--14                  1.0            0.7            1.0    0.7                   1.2    0.9   \< .001   .15
  Loneliness at age 8                               4.9            5.8            4.8    5.7                   6.3    6.6   .001      .15
  Loneliness changes per year ages 8--10            -0.7           3.2            -0.7   3.1                   -0.4   4.0   .126      .06
  Peer victimization at age 10                      4.5            5.9            4.5    5.6                   6.8    7.1   \< .001   .25
  Peer victimization changes per year ages 10--14   -0.6           1.5            -0.5   1.4                   -0.7   1.9   .175      .06

Note: absolute BMI is calculated as: (weight (kg)/\[height (m)\]^2^); All tests of mean differences controlled for race

On average, LGB females had higher BMIs at age 10 (mean = 21.9 versus 20.0, *cohen's d* = .22) and greater increases in BMI from ages 10 to 14 (mean change per year = 1.2 versus 1.0, *cohen's d* = .15) than heterosexual participants. According to age- and sex-specific Centers for Disease Control and Prevention normative data, children and adolescents whose body mass indices fall at or above the 85^th^ percentile are considered overweight or obese.\[[@pone.0196327.ref030]\] Thus, we include the 85^th^ percentile as a reference point in [Fig 1](#pone.0196327.g001){ref-type="fig"}, along with the estimated means for the heterosexual and LGB participants. Beginning at age 10 years, the average BMI for LGB participants was above the 85^th^ percentile for age and remained above at each age. In contrast, the average BMI for the heterosexual participants fell at or just below the 85^th^ percentile at each age ([Fig 1](#pone.0196327.g001){ref-type="fig"}).

![Change in body mass index by sexual identity.\
BMI = Body Mass Index; heterosexual = heterosexual participants; LGB = lesbian/gay or bisexual participants; CDCP = Center for Disease Control and Prevention. Group effect of sexual identity on BMI: *F* \[1, 1714\] = 17.462, *p* \< .001, *cohen's d* = .67; Interaction effect of sexual identity by time on BMI: *F* \[2.64, 4517.89\] = 4.126, *p* \< .01, *cohen's d* = .09. Data are estimated means standard errors at each time point within group. The 85^th^ percentile is indicated for each age according to data provided by the Centers for Disease Control and Prevention.](pone.0196327.g001){#pone.0196327.g001}

Compared to heterosexual participants, LGB participants reported higher levels of loneliness at age 8 (mean = 6.3 versus 4.8, *cohen's d* = .15) and higher levels of peer victimization at age 10 (mean = 6.8 versus 4.5, *cohen's d* = .25) ([Table 1](#pone.0196327.t001){ref-type="table"}).

A multivariate linear regression was computed to assess the relative contribution of BMI at age 10, sexual identity and peer social stressors, and their interactive effects on changes in BMI from ages 10 to 14 years in a single model. As shown in [Table 2](#pone.0196327.t002){ref-type="table"}, BMI at age 10 (*beta* = .282, p \< .001), race (*beta* = .096, *p* \< .001), and the interaction of loneliness at 8 and sexual identity (*beta* = .053, *p* \< .05), were significantly associated with change in BMI over time. The interaction effect between peer victimization at age 10 and sexual identity was slightly smaller in absolute magnitude compared to the loneliness and sexual identity interaction but was not statistically significant (*p* = .562).

10.1371/journal.pone.0196327.t002

###### Test of moderation of social stressors on the association between sexual identity and change in BMI from ages 10--14 years.

![](pone.0196327.t002){#pone.0196327.t002g}

  -------------------------------------------------------------------------------------------------
  Dependent Measure: change in BMI from 10--14 years    Standardized\   t value      p level
                                                        Coefficients\                
                                                        β                            
  ----------------------------------------------------- --------------- ------------ --------------
  BMI (age 10)                                          **.282**        **12.847**   **\< .001**

  Black American vs. White American                     **.096**        **4.391**    **\< .001**

  LGB vs. heterosexual (sexual identity)                .033            1.437        .151

  Loneliness at age 8 (centered at the mean)            .000            0.016        .987

  Peer victimization at age 10 (centered at the mean)   .108            1.457        .145

  Sexual identity x loneliness at age 8                 **.053**        **2.163**    **.036**

  Sexual identity x peer victimization at age 10        -.043           -0.580       .562

                                                        *F*             *df*         *adj R*^*2*^

  Overall Model Statistics                              **35.09**       **7,1920**   **\< .001**
  -------------------------------------------------------------------------------------------------

Note: absolute BMI is calculated as: (weight (kg)/\[height (m)\]^2^); Bolded parameters are statistically significant. All main and interaction effects tested within the same model, controlling for race.

The significant interaction effect between loneliness at age 8 and sexual identify on changes in BMI from 10 to 14 years was further probed by graphing the average slope for BMI for heterosexual and LGBN participants whose scores on the loneliness scale at age 8 years fell in the upper 25% of the distribution for the sample or the lower 75% ([Fig 2](#pone.0196327.g002){ref-type="fig"}). Controlling for race, BMI and peer victimization at age 10, the slope for heterosexual participants did not differ as a function of high loneliness (*F* \[4, 1660\] = 1.443, *p* = .230, *cohen's d* = .06), whereas the slope for LGB participants did differ (*F* \[4, 209\] = 6.124, *p* = .014, *cohen's d* = .34).

![Moderation effect of loneliness on the association between sexual identity and changes in BMI from ages 10--14 years.\
BMI = Body Mass Index; heterosexual = heterosexual participants; LGB = lesbian/gay or bisexual participants. Average slopes for BMI from ages 10 to 14 years for LGB participants and heterosexual participants at low and high levels of self-reported loneliness at age 8 years. Controlling for race, BMI and peer victimization at age 10, the slope for heterosexual participants did not differ as a function of high loneliness (*F* \[4, 1660\] = 1.443, *p* = .230, *cohen's d* = .06), whereas the slope for LGB participants did differ (*F* \[4, 209\] = 6.124, *p* = .014, *cohen's d* = .34).](pone.0196327.g002){#pone.0196327.g002}

The mediation analyses revealed significant effects of peer victimization at age 10 but not of loneliness on changes in BMI over time. As shown in [Table 3](#pone.0196327.t003){ref-type="table"}, the effect of sexual minority status on change in BMI was reduced when peer victimization was added to the model (, after controlling for age 10 BMI and race: the standardized beta was reduced from .046 to .038. The indirect effect estimate was 0.008 (95% confidence interval = 0.001--0.016), yielding an effect ratio of 0.179. The percent of the total effect on change in BMI from ages 10--14 attributed to the indirect effect of peer victimization at age 10 was 17.9%.

10.1371/journal.pone.0196327.t003

###### Test of mediation of peer victimization on the association between sexual identity and change in BMI from ages 10--14 years.

![](pone.0196327.t003){#pone.0196327.t003g}

  -------------------------------------------------------------------------------------------------
  Dependent Measure: change in BMI from 10--14 years    Standardized\   t value       p level
                                                        Coefficients\                 
                                                        β                             
  ----------------------------------------------------- --------------- ------------- -------------
  Step 1                                                                              

  BMI (age 10)                                          **.292**        **13.487**    **\< .001**

  Race                                                  **.102**        **4.728**     **\< .001**

  Step 2:                                                                             

  BMI (age 10)                                          **.287**        **13.188**    **.000**

  Race                                                  **.102**        **4.701**     **.000**

  Sexual identity                                       **.046**        **2.129**     **.033**

  Step 3                                                                              

  BMI (age 10)                                          **.284**        **13.060**    **.000**

  Race                                                  **.095**        **4.364**     **.000**

  Sexual identity                                       .038            1.731         .084

  Peer victimization at age 10 (centered at the mean)   **.073**        **3.364**     **.001**

                                                        F               df            p level

  Overall Model Statistics                              **60.498**      **4, 1939**   **\< .001**
  -------------------------------------------------------------------------------------------------

Note: absolute BMI is calculated as: (weight (kg)/\[height (m)\]^2^); Bolded parameters are statistically significant.

Discussion {#sec009}
==========

The results of the present study extend the existing literature on health disparities among LGB females by providing evidence that a health risk associated with significant morbidity differs as a function of sexual identity in a representative, community-based sample of adolescents. Compared to heterosexual participants, LGB participants had higher body mass indices during early to middle adolescence. A higher BMI has been reported among adult LGB women.\[[@pone.0196327.ref031],[@pone.0196327.ref032]\] Prospective data from Nurses' Health Study II demonstrated continued weight gain for lesbian and bisexual women relative to heterosexual women from their mid-20s through age 59 years.\[[@pone.0196327.ref033]\] BMI based on self-report was higher among sexual minority adolescent girls compared to heterosexual girls in the GUTS study, which comprises offspring of the Nurses' Health Study II.\[[@pone.0196327.ref011]\] In the GUTS study, data on BMI in early adolescence (ages 12--14) were available from a relatively small number of repeated observations from lesbian and bisexual adolescents (total number of observations = 68).\[[@pone.0196327.ref011]\] The present study provided an opportunity to extend the results from the existing literature by starting earlier in development and using objective measurements of height and weight collected by trained interviewers, resulting in one of the first sufficiently powered reports on childhood BMI among females who later identify as lesbian or bisexual.

The observed differences in BMI in childhood as a function of sexual identity suggests that one pathway to later health disparities may be via contextual experiences that are developmentally salient for children. Based on strong findings in the adult literature,\[[@pone.0196327.ref014]--[@pone.0196327.ref016]\] and emerging results in studies of children and adolescents,\[[@pone.0196327.ref017]--[@pone.0196327.ref019]\] the social context was the focus of the present study. In addition to BMI, youth report of loneliness and peer victimization in childhood differed for LGB and heterosexual females. LGB participants reported higher rates of childhood loneliness and victimization and both of these social stressors differentially conferred risk for increases in BMI for LGB adolescents. The increase in BMI over time among those with high levels of childhood loneliness was approximately 30% higher for LGB participants compared to heterosexual participants, and peer victimization accounted for close to 18% of the association between sexual minority status and changes in BMI from ages 10--14 years. Importantly, the data on childhood social stressors were collected prospectively, thus obviating concerns regarding retrospective report.

The follow-back approach used in the present study meant that sexual identity was assessed at a later time point than were BMI and social stressors. We recognize, however, that sexual identity is a fluid developmental process as opposed to an event that occurs at a specific time. Sexual development and attraction are processes that begin earlier than identity development, age of disclosure or coming out, or sexual debut.\[[@pone.0196327.ref034]\] Maturation of the adrenal axis, at about 5 to 8 years of age, is relevant to sexuality and attachment.\[[@pone.0196327.ref035]\] Data from studies conducted across cultures provide evidence that sexual attraction and orientation emerge in childhood, suggesting that same-sex attraction emerges several years prior to LGB identity.\[[@pone.0196327.ref036],[@pone.0196327.ref037]\] Late adolescents and young adults who identify as lesbian/gay or bisexual report that growing up they always felt "different."\[[@pone.0196327.ref038]\] This is an important conceptualization of sexual identity given the models we tested. Typically, in tests of mediation the temporal order is one in which the independent variable is measured prior to the mediator, and the dependent variable following the mediator. In our test of social stress mediators of the association between sexual identity and BMI, we conceptualized LGB status as reflecting the full developmental process leading to sexual identity, including the emergence of same-sex attraction in childhood. Thus, the temporal occurrence of the mediator was not tied to a specific age or date, but instead to the developmental period during which the emergence of identity began.

One interpretation of our data is that girls who experience same sex attraction in childhood become isolated and lonely recognizing the stigma associated with same-sex attraction. Those who engage in pre-sexual behaviors with girls may be ostracized or bullied, again due to stigma and discrimination, as has shown to be the case for older adolescents.\[[@pone.0196327.ref021]\] Because we did not begin asking about sexual attraction until late adolescence, we are unable to test these hypotheses. Future studies will need to adequately measure the ontogeny of sexual attraction, identity, and gender expression earlier in in life and in a more nuanced manner in order to determine whether and how early social experiences play a primary role in later health disparities for lesbian and bisexual females.

We note several limitations of the present study. First, although BMI is strongly correlated with other indices of adiposity in children and adolescents, such as skin fold thickness and dual x-ray absorptiometry, it is an imperfect measure of adiposity both because it is indirect and is prone to measurement error.\[[@pone.0196327.ref039]--[@pone.0196327.ref041]\] Second, although BMI did not differ between lesbians and bisexuals, combining populations of individuals into a non-heterosexual group may have obscured differences in predictors of BMI. Moreover, we did not assess gender identity; expression of gendered behavior may also elicit social stress in childhood. Third, we limited the definition of sexual minority to identification as lesbian or bisexual in a single wave of data collection. Sexual identity is not constant for all individuals, and other dimensions of sexuality, such as attraction, may reveal differences among groups. Moreover, socially desirable reporting and or fear of disclosure may have led to underreporting of LGB status. Finally, although our analyses controlled for baseline BMI and race, other unmeasured confounders may have impacted our capacity to validly assess mediation and moderation effects.

In conclusion, the results from the present study extend the existing literature on health disparities for sexual minority females by demonstrating that differences in BMI between adolescents who later identify as lesbian/gay or bisexual, compared to adolescents who identify as heterosexual, emerge relatively early in life, and that social stressors including peer victimization and loneliness may be important social determinants of later health disparities for lesbian/gay and bisexual individuals.
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